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SUMMARY 
The Dryden F l i g h t  Research F a c i l i t y  of  t h e  NASA Ames Research C e n t e r  is d e v e l -  
op ing  a r a p i d  p r o t o t y p i n g  f a c i l i t y  f o r  f l i g h t  r e s e a r c h  i n  f l i g h t  sys tems c o n c e p t s  
t h a t  are based on a r t i f i c i a l  i n t e l l i g e n c e  ( A I ) .  The f a c i l i t y  w i l l  i n c l u d e  real- 
t i m e  h i g h - f i d e l i t y  a i r c r a f t  s i m u l a t o r s ,  c o n v e n t i o n a l  and symbol ic  processors, and 
a high-performance r e s e a r c h  a i r c r a f t  s p e c i a l l y  modi f ied  t o  accept commands from t h e  
ground-based A I  computers.  This f a c i l i t y  is b e i n g  developed as part of the NASA- 
DARPA automated wingman program. This document d i s c u s s e s  t h e  need f o r  f l i g h t  
r e s e a r c h  and for a n a t i o n a l  f l i g h t  research f a c i l i t y  f o r  t h e  rapid p r o t o t y p i n g  
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a r t i f i c i a l  i n t e l l i g e n c e  
automated winqman 
c e n t r a l  p r o c e s s i n g  u n i t  
Defense Advanced Research P r o j e c t s  Agency 
d i g i t a l  d i s p l a y  i n d i c a t o r  
d i g i t a l  f ly-by-wire 
d i g i t a l  f l i g h t  c o n t r o l  system 
f l i g h t  c o n t r o l  system 
h i g h l y  maneuverable a i r c r a f t  technology 
h o r i z o n t a l  s i t u a t i o n  d i s p l a y  
head-up d i s p l a y  
i n p u t - o u t p u t  
knowledge-based e x p e r t  system 
m i l i t a r y  s p e c i f i c a t i o n  
m i l i t a r y  s t a n d a r d  
mu1 t i p l e x e r  
O p t i m a l  T r a j e c t o r y  Research Experiment 
pu Is e-code modulated 
RAV remotely augmented v e h i c l e  
RF r a d i o  f requency 
RPRV r e m o t e l y  p i l o t e d  r e s e a r c h  v e h i c l e  
UHF u l t r a h i g h  f requency  
INTRODUCTION 
The Dryden F l i g h t  Research F a c i l i t y  of NASA Ames Research C e n t e r  (Ames-Dryden) 
is developing  a rap id  p r o t o t y p i n g  f a c i l i t y  for f l i g h t  r e s e a r c h  i n  f l i g h t  systems 
concepts t h a t  are based on a r t i f i c i a l  i n t e l l i g e n c e  ( A I ) .  The f a c i l i t y  w i l l  i n c l u d e  
real-time h i g h - f i d e l i t y  a i r c r a f t  s imu la to r s ,  c o n v e n t i o n a l  and symbolic  processors, 
and a high-performance r e s e a r c h  a i r c r a f t  s p e c i a l l y  modi f ied  to accept commands from 
the  ground-based AI computers.  This  f a c i l i t y  is b e i n g  developed as part of t h e  
automated wingman program by NASA and the  Defense Advanced Research P r o j e c t s  Agency 
(DARPA). This  document d i s c u s s e s  the need f o r  f l i g h t  r e s e a r c h  and f o r  a n a t i o n a l  
f l i g h t  r e s e a r c h  f a c i l i t y  f o r  t h e  rapid p r o t o t y p i n g  of  AI-based a v i o n i c s  systems and 
t h e  NASA r e s p o n s e  to  those needs. 
The development of a knowledge-based e x p e r t  system (KBES) g e n e r a l l y  i n c l u d e s  
t h e  implementat ion of a p r o t o t y p e  system as a n  e a r l y  s tep (ref.  1 ) .  T h i s  p r o t o t y p e  
KBES i s  a means of a s s e s s i n g  concept  f e a s i b i l i t y  and p r e l i m i n a r y  r u l e s ,  examining 
knowledge r e p r e s e n t a t i o n ,  and p r o v i d i n g  a mechanism f o r  # , e l l i n g  a l a r g e r ,  more 
d e t a i l e d  program. A KBES i s  o f t e n  implemented u s i n g  genera l -purpose  e x p e r t  system 
b u i l d i n g  tools t h a t  allow rapid deployment of a p r o t o t y p e  system. Although much of 
t h e  e n v i s i o n e d  f i n a l  system i s  s i m u l a t e d ,  t h e  p r o t o t y p e  sys tem is  s u f f i c i e n t l y  
r ea l i s t i c  ( u s u a l l y  i n  t h e  form of  a rudimentary  knowledge base) t o  e n a b l e  b o t h  
o v e r a l l  c o n c e p t  assessment  and i n i t i a l  " r u l e "  v a l i d a t i o n .  
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The v a l u e  of implementing a p r o t o t y p e  sys tem e a r l y  i n  t h e  development of a KBES 
i s  t h a t  many problems can  be d i s c o v e r e d  and s o l v e d  even b e f o r e  t h e  f i r s t  real  
d e s i g n  i t e r a t i o n  is i n i t i a t e d .  By a d d r e s s i n g  t h e s e  problems (or  p o t e n t i a l  prnb- 
lems) e a r l y  i n  t h e  development c y c l e ,  one can  o f t e n  a v o i d  many of the more r - o s t l y  
and time-consuming e x e r c i s e s  associated w i t h  t h e  la te  i n t r o d u c t i o n  of d e s i g n  
changes a n d i s o f t w a r e  m o d i f i c a t i o n s .  
I n  r e f e r e n c e  2, t h e  i s s u e s  of s u p p o r t  s o f t w a r e  f o r  a p p l i e d  A I  r e s e a r c h ,  knowl- 
edge a c q u i s i t i m ,  and knowledge r e p r e s e n t a t i o n  are p r e s e n t e d  as major problems 
t h a t  o c c u r  because "we are now w i t n e s s i n g  t h e  f i r s t  t r a n s i t i o n  of e x p e r t  programs 
from the  comfortable  sur roundings  of r e s e a r c h  laboratories to  t h e  more demanding 
o u t s i d e  w~rld." ?!?e world o u t s i d e  t h e  research l a b o r a t o r y  w i l l  c a u s e  many o t h e r  
problems to s u r f a c e .  E a r l y  e n t r y  i n t o  s i m u l a t o r s  and f l i g h t  r e s e a r c h  w i l l  minimize 
t h e  e f f e c t s  of these  real-world problems on t h e  s c h e d u l e ,  o p e r a t i o n ,  and deployment 
of  KBESs embedded i n t o  a v i o n i c s  systems. 
The a p p l i c a t i o n  of  KBESs to  a i rcraf t  problems w i l l  r e q u j  re b o t h  man-machine as 
w e l l  as machine-machine i n t e r f a c e s .  The a v i o n i c s  environment  is n o i s y  and far more 
complex t h a n  any a p p l i c a t i o n  area t h u s  f a r  addressed i n  a p p l i e d  A I .  The i n c l u s i o n  
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of KBESs w i t h i n  t h e  a i r c r a f t  system w i l l  almost c e r t a i n l y  i n v o l v e  c o n t r o l  func- 
t i o n s .  All of t h e s e  i s s u e s  have t h e  p o t e n t i a l  f o r  g r e a t l y  i n c r e a s i n g  t h e  problems 
of  implementing AI-based a v i o n i c s '  systems. 
The need f o r  rapid p r o t o t y p i n g  h a s  been recognized  i n  a p p l i e d  A I  a l t h o u g h  t h e  
major well-known sys tems were a p p l i e d  i n  r e l a t i v e l y  benign  and f o r g i v i n g  envi ron-  
ments: DmDRAL ( r e f .  3 )  is  used by r e s e a r c h  c h e m i s t s ,  PROSPECTOR ( r e f .  4 )  is used 
by g e o l o g i s t s  and mining e n g i n e e r s ,  and MYCIN ( r e f .  5 )  appears to  b e . u s e d  p r i m a r i l y  
i n  A I  r e s e a r c h  laboratories. Although t h e r e  w e r e  problems i n  d e v e l o p i n g  t h e  man- 
machine i n t e r f a c e  f o r  t h e s e  systems,  many of  t h e  problems f a c i n g  t h e  sys tems 
d e s i g n e r  of  AI-based a v i o n i c s  sys tems were avoided.  By h a v i n g  r e l a t i v e l y  s o p h i s t i -  
c a t e d  u s e r s ,  many l i m i t a t i o n s  of t h e  l is ted sys tems are p r o t e c t e d  a g a i n s t  or go 
unnot iced.  The l a b o r a t o r y  environment  is t y p i c a l l y  c l e a n  and uncontaminated by 
n o i s e ;  by r e q u i r i n g  a human t o  a c t  a s  a n  a g e n t  of t h e  system, t h e s e  KBESs are 
p r o t e c t e d  from o b v i o u s l y  e r r o n e o u s  i n s t r u c t i o n s  . The machine-machine i n t e r f a c e  
may prove much more d i f f i c u l t  and c e r t a i n l y  less f o r g i v i n g :  
The thesis  of t h i s  document i s  t h a t ,  because  of t h e  problems associated w i t h  
KBESs embedded w i t h i n  an  a i r c r a f t  a v i o n i c s  system, a rapid p r o t o t y p i n g  f a c i l i t y  f o r  
AI-based f l i g h t  sys tems c o n c e p t s  is needed. 
The system described i n  t h i s  document i s . i n t e n d e d  as a n  a d j u n c t  to  t h e  u s u a l  
a v i o n i c s  development p r o c e s s  t ha t  goes f r o m  r e s e a r c h  and development  laboratories 
t o  s i m u l a t o r s  of  i n c r e a s i n g  complexi ty  and, o c c a s i o n a l l y ,  a n  e x p e n s i v e  and o f t e n  
one-of-a-kind, s i n g l e - p u r p o s e  f l i g h t  demonst ra tor  v e h i c l e .  The rapid p r o t o t y p i n g  
f l i g h t  sys tems r e s e a r c h  f a c i l i t y  d e s c r i b e d  h e r e  is, i n  a s e n s e ,  s i m p l y  a n  e x t e n s i o n  
of  t h e  more elaborate h i g h - f i d e l i t y  s i m u l a t o r s .  However, t h i s  f a c i l i t y  is more 
r e a l i s t i c a l l y  viewed as a b r i d g e  be tween s i m u l a t i o n  and d e m o n s t r a t o r  development.  
The rapid p r o t o t y p i n g  f l i g h t  research  f a c i l i t y  f o r  AI-based f l i g h t  systems con- 
cepts w i l l  p r o v i d e  a f l e x i b l e ,  general-purpose c a p a b i l i t y  f o r  t h e  e a r l y  s o l u t i o n  of  
problems c e r t a i n  to  be discovered i n  f u t u r e  development programs. A d d i t i o n a l l y ,  
t h e  u s e  of t h i s  f a c i l i t y  w i l l  p r o v i d e  the b e n e f i t s  of f l i g h t  research described i n  
r e f e r e n c e  6: 
1 .  S e p a r a t i n g  real from imagined problems. 
2 .  Uncovering t h e  unexpected and overlooked.  
3. Forc ing  real is t ic  i n t e g r a t i o n  of t h e  p i lo t .  
4 .  F o r c i n g  development of c r e d i b l e  p r e d i c t i o n ,  test, and q u a l i f i c a t i o n  
processes. 
5. R e q u i r i n g  e v e r y  anomaly to  b e  addressed.  
6. Forc ing  t i m e l y  technology t r a n s f e r ,  and b u i l d i n g  a core t e c h i n c a l  team. 
These i s s u e s  are n o t  i n s u b s t a n t i a l .  F l i g h t  r e s e a r c h  forces one t o  f o c u s  on 
real  problems t h a t  are o f t e n  inconce ivable  i n  a s i m u l a t i o n  environment .  This  is 
p a r t i c u l a r l y  t r u e  w i t h  new concepts  such as AI-based f l i g h t  sys tems f o r  which there 
is l i t t l e  a p p l i c a t i o n s  exper ience .  Without f l i g h t  r e s e a r c h  i n  AI-based f l i g h t  s y s -  
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tems, many of  t h e  wrong i s s u e s  w i l l  be addressed, and many of  t h e  r i g h t  problems 
w i l l  be overlooked. 
Two serious i s s u e s  r e l a t e d  to  t h e  i n c o r p o r a t i o n  of AI-based technology i n  a i r -  
c r a f t  must be dealt  w i t h  f o r  f l i g h t  r e s e a r c h  to  occur :  p i l o t - v e h i c l e  i n t e g r a t i o n  
and system q u a l i f i c a t i o n .  These i s s u e s  are u n l i k e l y  to  be viewed i n  t h e  proper 
p e r s p e c t i v e  w i t h o u t  t h e  f o c u s  of a f l i g h t  program. F l i g h t  r e s e a r c h  w i l l  a l l o w  real 
problems to  be so lved  and real s o l u t i o n s  t o  be found and d i s s e m i n a t e d .  Within t h i s  
p e r s p e c t i v e ,  NASA has under taken  the development of a f a c i l i t y  f o r  f l i g h t  r e s e a r c h  
i n  AI-based f l i g h t  s y s  tems concepts .  
BACKGROUND 
The need f o r  a r a p i d  p r o t o t y p i n g  f l i g h t  r e s e a r c h  f a c i l i t y  h a s  l o n g  been 
recognized  by NASA. A t  Ames-Dryden, this c o n c e p t  evolved  from e x p e r i e n c e  w i t h  
remote ly  p i l o t e d  r e s e a r c h  v e h i c l e s  ( R P R V s )  (ref. 7 to  91, and from e x p e r i e n c e  w i t h  
d i g i t a l  f l i g h t  control systems on v e h i c l e s  such  as t h e  t h r e e - e i g h t h s  scale F-15 
RPRV ( r e f .  8 )  and the F-8 d i g i t a l  fly-by-wire (DFBW) a i r c r a f t  ( r e f s .  10 and 1 1 ) .  
T h i s  r a p i d  p r o t o t y p i n g  f l i g h t  r e s e a r c h  f a c i l i t y ,  known as t h e  remote ly  augmented 
v e h i c l e  ( R A V )  f a c i l i t y ,  h a s  been used to  test c o n t r o l  l a w  c o n c e p t s  on t h e  F-8 DFBW 
a i r c r a f t  ( r e f s .  11 to 1 3 ) .  O t h e r  u s e s  i n c l u d e d  implementing t h e  pr imary  c o n t r o l  
system f o r  RPRVs such as t h e  t h r e e - e i g h t h s  scale F-15 and t h e  h i g h l y  maneuverable 
a i r c r a f t  technology (HiMAT) v e h i c l e  ( r e f .  1 4 )  and p r o v i d i n g  a remote computat ion 
f a c i l i t y  f o r  c o c k p i t  d i s p l a y s  ( r e f .  1 5 ) .  A s  e x p l a i n e d  i n  r e f e r e n c e  12, t h e  RAV 
c o n c e p t  was developed t o  a i d  i n  t e s t i n g  advanced or m u l t i p l e  a l t e r n a t e  c o n t r o l  
l a w  a l g o r i t h m s  without  the expens ive  and time-consuming process of repeated air-  
c r a f t  system m o d i f i c a t i o n s  . 
A n  Example RAV System 
An example of t h e  RAV c o n c e p t ,  t h e  F-8 DFBW/RAV f l i g h t  system, is  shown i n  
f i g u r e  1 ( r e f .  1 2 ) .  This  system i n v o l v e s  the h i g h l y  i n s t r u m e n t e d  F-8 DFBW r e s e a r c h  
a i r c r a f t ,  a r e c e i v e r  for downlink t e l e m e t r y ,  a t r a n s m i t t e r  f o r  u p l i n k  t e l e m e t r y ,  
and a ground-based d i g i t a l  computer f o r  c o n t r o l  l a w  computat ion.  The ground-based 
computer r e c e i v e s  p i l o t  imputs and a i r c r a f t  r e s p o n s e  parameters from t h e  downlink 
t e l e m e t r y .  The c o n t r o l  l a w  a l g o r i t h m s ,  programmed i n  FORTRAN i n  t h e  ground-based 
computer,  are executed,  and t h e  r e s u l t i n g  command o u t p u t s  are u p l i n k e d  to  t h e  
a i r c r a f t .  The upl inked commands are t h e n  i n t e r f a c e d  to  the onboard c o n t r o l  system 
as  required. 
The F-8 DFBW/RAV f l i g h t  system is s u p p o r t e d  by the F-8 i r o n - b i r d  s i m u l a t i o n  
shown i n  f i g u r e  2. The o v e r a l l  F-8 DFBW/RAV system c o n f i g u r a t i o n  w a s  developed,  
v e r i f i e d ,  and v a l i d a t e d  u s i n g  t h e  i r o n - b i r d  sumulat ion.  T h i s  ground s i m u i a t i o n  
f a c i l i t y  c o n s i s t s  of a decommissioned F-8 a i rc raf t  and many e lements  of the DFBW 
f l i g h t  system. 
The i r o n - b i r d  s i m u l a t i o n  can  be o p e r a t e d  u s i n g  a c t u a l  t r i p l e x  f l i g h t  c o n t r o l  
computers  and t r i p l e x  h y d r a u l i c s .  The s u r f a c e  p o s i t i o n s  are i n p u t  to  t h e  n o n l i n e a r  
e q u a t i o n s  of  motion and t h e  F-8 aerodynamic model i n  t h e  s i m u l a t i o n  computer. The 





to t h e  f l i g h t  c o n t r o l  system. The RAV ground computers are used as e lements  of t h e  
t o t a l  s i m u l a t i o n ,  and t h e  u p l i n k  and downlink hardware i n t e r f a c e s  are s i m u l a t e d  i n  
t h e  cen t ra l  computer. The ground and onboard s o f t w a r e  i n t e r f a c e s  i n  t h e  F-8 DFBw/ 
RAV s i m u l a t i o n  are i d e n t i c a l  t o  t h o s e  f o r  the a c t u a l  a i r c r a f t  and ground f a c i l i t i e s  
used i n  f l i g h t .  The s o f t w a r e  developed and v a l i d a t e d  i n  t h e  F-8 DFBW/RAV sys tem 
s i m u l a t o r  a r e  used w i t h o u t  modi f ica t ion  d u r i n g  RAV f l i g h t  o p e r a t i o n s .  
The basic RAV f a c i l i t y  w a s  extended by u s i n g  ground t r a c k i n g  radar and sce- 
n a r i o  s i m u l a t i o n s  for  t h e  F-8 t ra jectory r e s e a r c h  exper iment  (OPTRE) program. The 
g o a l  of t h i s  program w a s  t o  demonstrate ,  i n  f l i g h t ,  a three-d imens iona l  o p t i m a l  
i n t e r c e p t i o n  a l g o r i t h m .  I n  p r e p a r a t i o n  f o r  f l i g h t  r e s e a r c h ,  t w o  problems w e r e  
immediately recognized:  t h e  l a c k  of a p p r o p r i a t e  s e n s o r s  on t h e  F-8 a i r c r a f t  and 
t h e  need € o r  r e p e a t a b l e  d a t a .  To s o l v e  t h e s e  problems, ground-based t r a c k i n g  radar 
and a s y n t h e t i c a l l y  g e n e r a t e d  t a r g e t  were used. The t r a j e c t o r y  of t h e  s y n t h e t i c  
t a r g e t  w a s  g e n e r a t e d  i n  t h e  ground-based a u x i l i a r y  computers i n  c o o r d i n a t e s  rela- 
t i v e  t o  t h e  p o s i t i o n  of t h e  F-8 aircraft .  The ground-based r a d a r  w a s  used to  
supplement  t h e  l a c k  of i n e r t i a l  d a t a  from t h e  F-8 system. Within t h e  ground com- 
p u t e r s ,  r e l a t i v e  p o s i t i o n  i n f o r m a t i o n  f rom the s y n t h e t i c  t a r g e t  g e n e r a t o r  w a s  f e d  
i n t o  t h e  i n t e r c e p t i o n  a lgor i thm.  The s y n t h e t i c  target provided  repeatable d a t a  and 
al lowed t h e  s i m u l a t i o n  of onboard radar ;  t h e  t r a c k i n g  r a d a r  allowed t h e  s i m u l a t i o n  
o f  an  i n e r t i a l  system. 
Key Elements of  RAV Concept 
The s e v e r a l  key e lements  of . t h e  R A V  system c o n c e p t  i n c l u d e  ( f i g .  3): a spe- 
c i a l l y  modified a i r c r a f t ,  a n  a u x i l i a r y  computat ion f a c i l i t y ,  and a s i m u l a t o r .  Each 
e lement  serves a unique f u n c t i o n  t h a t  a l lows  t h e  r a p i d  t r a n s i t i o n  from s i m u l a t i o n  
t o  f l i g h t .  T h i s  r a p i d  t r a n s i t i o n  c a p a b i l i t y  is t h e  most powerful  argument f o r  a 
RAV system. A l m o s t  as soon as a f l i g h t  sys tems c o n c e p t  can be demonstrated on a 
s i m u l a t o r ,  t h a t  concept can be f l i g h t - t e s t e d  u s i n g  a RAV f a c i l i t y .  
The d i r c r a f t  used i n  a RAV f l i g h t  r e s e a r c h  f a c i l i t y  r e q u i r e s  t w o  main modif ica-  
t i o n s .  
i n s t r u m e n t a t i o n  system. 
a u x i l i a r y  computa t iona l  f a c i l i t y  u s i n g  t h e  t e l e m e t r y  downlink. The o t h e r  modif ica-  
t i o n  r e q u i r e s  t h e  i n s t a l l a t i o n  and i n t e g r a t i o n  of a n  u p l i n k  r e c e i v e r  i n t o  t h e  a i r -  
c r a f t  s y s t e m .  I f  c losed- loop  control is d e s i r e d ,  t h e  u p l i n k  is i n t e r f a c e d  t o  t h e  
f l i g h t  c o n t r o l  system; i f  t h e  u p l i n k  is  used f o r  d i s p l a y  purposes ,  t h e  i n t e r f a c e  is 
t o  t h e  onboard d i s p l a y  system. Both upl ink f u n c t i o n s  may be i n c o r p o r a t e d  s i m u l t a -  
neously.  The a i r c r a f t  requires no f u r t h e r  m o d i f i c a t i o n  a f t e r  t h e  test  a i r c r a f t  h a s  
been c o n f i g u r e d  w i t h  t h e  i n s t r u m e n t a t i o n  system, downlink t r a n s m i t t e r ,  and u p l i n k  
r e c e i v e r  i n c o r p o r a t e d  i n  t h e  system. 
The f i r s t  m o d i f i c a t i o n  ,is t h e  a d d i t i o n  of s e n s o r s  and a h i g h - q u a l i t y  d a t a  
The da.ta collec,te?d by t h i s  system are t r a n s m i t t e d  to  t h e  
The a u x i l i a r y  computa t iona l  f a c i l i t y  ( f i g .  4 )  c o n s i s t s  of a downlink r e c e i v e r ,  
a s u i t e  of computers ,  and a n  u p l i n k  t r a n s m i t t e r .  The downlink t e l e m e t r y  is 
r e c e i v e d  and passed  t o  t h e  ground-based computers.  These computers e x e c u t e  t h e  
c a l c u l a t i o n s  n e c e s s a r y  to  t h e  t a s k  being performed and t h e  o u t p u t  commands t o  be 
upl inked  t o  t h e  a i r c r a f t .  D u p l i c a t e s  of t h e s e  computers are i n c l u d e d  i n  t h e  simu- 
l a t i o n  f a c i l i t y .  F igure  3 shows t h i s  c o n c e p t u a l l y .  Because t h e  computers used i n  
t h e  simulator and t h e  f l i g h t  system are i d e n t i c a l ,  s o f t w a r e  developed i n  t h e  simu- 
l a t o r  can be moved i n t o  t h e  f l i g h t  system e a s i l y  and w i t h o u t  m o d i f i c a t i o n .  
5 
The ground-basing of t h e s e  a u x i l i a r y  computers is n o t  e s s e n t i a l  t o  t h e  RAV 
c o n c e p t ,  a l t h o u g h  ground-basing may o f f e r  s i g n i f i c a n t  advantages.  o v e r  t h e  i n c o r -  
p o r a t i o n  of a n  a u x i l i a r y  computer onboard t h e  a i r c r a f t .  The-main advantage  of a 
ground-based system is t h a t  such  a system need n o t  i n c l u d e  f l i g h t  q u a l i f i e d ,  m i l i -  
t a r y  s p e c i f i c a t i o n  (MIL-SPEC) computers.  Labora tory  q u a l i t y  computers  can  be used 
i n  t h e  ground f a c i l i t y .  The d i f f e r e n c e s  i n  t h e s e  r e q u i r e m e n t s  a l l o w  s t a t e - o f - t h e -  
a r t  computers to  be used i n  t h e  ground-based f l i g h t  systems.  I n  f a c t ,  even bread- 
board computers  could c o n c e i v a b l y  be used i n  t h e  ground-based system. 
advantage  of t h e  ground-based a u x i l i a r y  computa t iona l  f a c i l i t y  is  t h a t  s o f t w a r e  
changes do n o t  require a i r c r a f t  m o d i f i c a t i o n s .  
i n  cost ,  s c h e d u l e ,  and s a f e t y  of f l i g h t .  
Another 
T h i s  l a t t e r  advantage  h a s  p a y o f f s  
The s i m u l a t o r  i s  used f o r  f l i g h t  system development,  v e r i f i c a t i o n ,  and v a l i d a -  
t i o n .  These s i m u l a t o r s  vary  from simple s o f t w a r e  models of t h e  v e h i c l e  aerody- 
namics and e q u a t i o n s  of motion to  complex f l igh t -hardware- in- the- loop  sys tems,  such  
as the F-8 DFBW/RAV and t h e  HiMAT s i m u l a t i o n s  ( r e f .  16). However, t h e s e  s i m u l a t o r s  
m u s t  i n c l u d e  s u f f i c i e n t  realism and f l i g h t  hardware t o  allow t h e  development of 
f l i g h t  s y s t e m  concepts .  By i n c l u d i n g  f l i g h t  systems hardware i n  t h e  s i m u l a t o r ,  t h e  
simulator becomes a systems i n t e g r a t i o n  and s o f t w a r e  v a l i d a t i o n  f a c i l i t y .  The u s e  
of s i m u l a t i o n s  i n  the v a l i d a t i o n  of f l i g h t  sys tems s o f t w a r e  (whether  onboard or 
ground-based) is  d i s c u s s e d  i n  r e f e r e n c e s  12 and 16 to  20. 
EXTENSION OF RAV CONCEPT FOR RAPID PROTOTYPING 
OF AI-BASED FLIGHT SYSTEMS 
An overview of the  f l i g h t  e v a l u a t i o n  system t o  be used f o r  t h e  automated 
wingman (AW) program is shown i n  f i g u r e  5. T h i s  system i s  a n  e x t e n s i o n  of t h e  RAV 
c o n c e p t  described above. The pr imary  AW r e s e a r c h  a i r c r a f t  ( f i g .  5 )  w i l l  be a 
h i g h l y  ins t rumented  F-18 a i r c r a f t  equipped w i t h  a downlink t r a n s m i t t e r  and u p l i n k  
r e c e i v e r .  Another ins t rumented  F-18 a i r c r a f t  equipped w i t h  t e l e m e t r y  downlink w i l l  
be used a s  the  l e a d  a i r c r a f t .  The lead a i r c r a f t  w i l l  a lso have a two-way u l t r a h i g h  
f requency  ( U H F )  audio  l i n k  w i t h  t h e  RAV f a c i l i t y .  A t h i r d  F-18 a i rc raf t  w i l l  be 
used a s  a t h r e a t  a i r c r a f t .  
The ground-based RAV f a c i l i t y  w i l l  r e c e i v e  downlink t e l e m e t r y  from b o t h  t h e  AW 
and t h e  lead F-18 a i r c r a f t .  Space-pos i t ion ing  d a t a  on t h e  l o c a t i o n  of t h e  AW air-  
c r a f t  and e i ther  of t h e  o t h e r  a i r c r a f t  w i l l  be provided  to  the RAV f a c i l i t y  from 
t r a c k i n g  r a d a r .  The ground-based computa t iona l  f a c i l i t y  w i l l  be b a s i c a l l y  t h e  same 
a s  t h a t  described i n  the  s e c t i o n  e n t i t l e d  An Example RAV System, e x c e p t  f o r  t h e  
a d d i t i o n  of symbolic p r o c e s s o r s  and a v o i c e  i n p u t - o u t p u t  (I/O) u n i t .  
The AW a i rc raf t ,  the ground f a c i l i t y ,  and t h e  s i m u l a t i o n  developed f o r  t h e  AW 
program w i l l  form the b a s i s  of t h e  rapid p r o t o t y p i n g  f l i g h t  r e s e a r c h  f a c i l i t y  f o r  
AI-based f l i g h t  systems concepts .  T h i s  f l i g h t  r e s e a r c h  f a c i l i t y  is b e i n g  developed 
as a n a t i o n a l  r e s e a r c h  f a c i l i t y  a v a l i l a b l e  to  NASA, other governmental  a g e n c i e s ,  
and i n d u s t r y  f o r  t e s t i n g  c o n c e p t s  and c o n d u c t i n g  f l i g h t  r e s e a r c h .  
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D e s c r i p t i o n  of t h e  Research Aircraft 
The F-18A a i r c r a f t  ( f i g .  6 )  i s  a s i n g l e - p l a c e  s u p e r s o n i c  f i g h t e r - a t t a c k  air-  
c r a f t  powered by t w o  t u r b o f a n  e n g i n e s  with a f t e r b u r n e r .  The pr imary  f l i g h t  c o n t r o l  
sys tem (FCS) is a d i g i t a l  quadruplex  c o n t r o l  augmenta t ion  sys tem implemented by 
f ly-by-wire  techniques .  The c o c k p i t  ( f i g .  7) c o n t a i n s  t w o  d i g i t a l  d i s p l a y  i n d i -  
cators ( D D I S ) ,  a head-up d i s p l a y  ( H U D ) ,  and a h o r i z o n t a l  s i t u a t i o n  d i s p l a y  (HSD). 
A l s o  c o n t a i n e d  i n  t h e  c o c k p i t  are the t h r o t t l e  c o n t r o l  levers, t h e  c o n t r o l  s t i c k ,  
t h e  r u d d e r  pedals, and numerous i n d i c a t o r  and s w i t c h  panels. 
e 
The u p l i n k  system ( f i g .  8) w i l l  i n t e r f a c e  w i t h  t h e  FCS and w i l l  be capable of 
f u l l - a u t h o r i t y  s t i c k  and p e d a l  commands and t h r o t t l e  commands from id l e  t o  f u l l  
computers ,  u s i n g  t h e  m i l i t a r y  s t a n d a r d  (MIL-STD-) 1553 bus.  These miss ion  com- 
p u t e r s  w i l l  c o n t r o l  t h e  formats  of t h e  HUD, D D I s ,  and HSD. The i n s t r u m e n t a t i o n  
sys tem w i l L  be i n t e r f a c e d  to  t h e  MIL-STD-1553 bus and w i l l  p r o v i d e  parameters of 
i n t e r e s t  on t h e  downlink. 
- m i l i t a r y  power. I t  w i l l  also be p o s s i b l e  t o  send u p l i n k e d  commands t o  t h e  m i s s i o n  
The r e s e a r c h  a i r c r a f t  w i l l  become a i r b o r n e  and w i l l  be  landed  by a p i l o t  who 
w i l l  a lso monitor t h e  performance of the a u t o m a t i c  system. I n  t h e  e v e n t  of any 
sys tem m a l f u n c t i o n ,  t h e  p i l o t  w i l l  be a b l e  to  d i s c o n n e c t  t h e  a u t o m a t i c  system 
and r e g a i n  c o n t r o l  of  t h e  a i r c r a f t  using a q u i c k - d i s c o n n e c t  s w i t c h  l o c a t e d  on 
t h e  control s t i c k .  This r e s e a r c h  a i r c r a f t  w i l l  provide a f l e x i b l e  t e s t b e d  for 
AI-based f l i g h t  sys tems c o n c e p t s  i n  g e n e r a l  and p i l o t  v e h i c l e  i n t e g r a t i o n  i n  par-  
t i cu la r .  The a b i l i t y  to  modify t h e  d i s p l a y  f o r m a t s  ( d i s c u s s e d  i n  t h e  D e s c r i p t i o n  
o f  S i m u l a t i o n  F a c i l i t y  s e c t i o n )  w i l l  allow t h e  i n v e s t i g a t i o n  of  i n t e l l i g e n t  man- 
machine communication. 
D e s c r i p t i o n  of Ground F a c i l i t y  
The c o n c e p t  f o r  t h e  ground f a c i l i t y  being developed f o r  t h e  AW program is  shown 
i n  f i g u r e  9. The e n g i n e e r i n g  u n i t s  computer w i l l  c o n v e r t  t h e  downlink data from 
pulse-code-modulated (PCM) c o u n t s  to e n g i n e e r i n g  u n i t s  and t h e  u p l i n k  commands from 
e n g i n e e r i n g  u n i t s  t o  PCM counts .  The c o n t r o l  l a w  computer w i l l  be c a p a b l e  of exe- 
c u t i n g  c o n t r o l  l a w s  and s a f e t y  checks.  An a u x i l i a r y  computer on t h e  E t h e r n e t  w i l l  
be used for scenario and advanced sensor  s i m u l a t i o n ;  a second a u x i l i a r y  computer 
w i l l  be used p r i m a r i l y  as a f i l e  s e r v e r  f o r  t h e  o t h e r  computers  on t h e  E t h e r n e t .  
A l s o  on t h e  E t h e r n e t  w i l l  be  m u l t i p l e  symbolic processors f o r  c o n c u r r e n t  e x e c u t i o n  
o f  AI programs. The voice 1/0 u n i t  w i l l  p r o v i d e  t h e  i n t e r f a c e  between t h e  UHF r a d i o  
l i n k  and one of t h e  symbolic  processors to  accommodate exper iments  i n  speech  com- 
munica t ions  f o r  t h e  man-machine i n t e r f a c e .  The computers  on t h e  E t h e r n e t  tha t  are 
i n t e r f a c e d  t o  t h e  c o n t r o l  l a w  computer u s i n g  t h e  MIL-STD-1553 bus w i l l  be capable 
o f  b e i n g  connec ted  t o  t h e  s i m u l a t i o n  f a c i l i t y  d e s c r i b e d  below. 4 
Description of S i m u l a t i o n  F a c i l i t y  
The s i m u l a t i o n  f a c i l i t y  b e i n g  developed for  t h e  AW program ( f i g .  10)  is based 
on  an F-18 c o c k p i t  u s i n g  f l i g h t  hardware f o r  t h e  HUD, D D I s ,  HSD, c o n t r o l  s t i c k ,  and 
t h r o t t l e  l e v e r s .  The d i s p l a y  d e v i c e s  w i l l  be c o n t r o l l e d  by a n  a c t u a l  m i s s i o n  corn- 
p u t e r  i n t e r f a c e d  t o  t h e  s i m u l a t i o n  computer by a MIL-STD-1553 bus t h a t  s i m u l a t e s  
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one of t h e  a v i o n i c s  b u s e s  i n  the a i r c r a f t .  The i n c l u s i o n  of t he  m i s s i o n  computer 
i n  t h e  s i m u l a t i o n  f a c i l i t y  w i l l  a l l o w  t h e  development  and  q u a l i f i c a t i o n  of advanced 
d i s p l a y  formats f o r  t h e  f l i g h t  r e s e a r c h  v e h i c l e .  Miss ion  computer  s o f t w a r e  q u a l i -  
f i e d  i n  t h e  s i m u l a t i o n  f a c i l i t y  w i l l  be loaded  i n t o  the F-18 m i s s i o n  computers  f o r  
f l i g h t  tes t .  
The s i m u l a t i o n  computer w i l l  be connec ted  t o  t h e  c o c k k p i t  by the MIL-STD-1553 
bus and a n  a n a l o g  i n t e r f a c e .  The s o f t w a r e  w i t h i n  t h e  s i m u l a t i o n  computer w i l l  pro- 
v i d e  n o n l i n e a r  modeling of  t h e  e q u a t i o n s  of  motion,  t h e  v e h i c l e  aerodynamics ,  t h e  
p r i m a r y  FCS, and the  upl ink-downlink system. The shared-memory i n t e r f a c e  b e t w e e n  
t h e  c o n t r o l  l a w  computer and t h e  s i m u l a t i o n  computer is  i d e n t i c a l  t o  t h e  i n t e r f a c e  
between t h e  c o n t r o l  l a w  computer and  the e n g i n e e r i n g  computer  i n  t h e  RAV ground 
f a c i l i t y .  T h i s  means t h a t  t h e  same s o f t w a r e  deve loped  and q u a l i f i e d  i n  t h e  simu- 




A r a p i d  p r o t o t y p i n g  f a c i l i t y  for f l i g h t  research i n  f l i g h t  s y s t e m s  c o n c e p t s  
b a s e d  on a r t i f i c i a l  i n t e l l i g e n c e  i s  e s s e n t i a l  f o r  t h e  e a r l y  d i s c o v e r y  and s o l u -  
t i o n  o f  many problems a s s o c i a t e d  w i t h  the d e s i g n  of new a i r c r a f t  sys tems.  By 
r e s o l v i n g  these problems e a r l y  i n  t h e  d e s i g n  c y c l e ,  many more c o s t l y  and t i m e -  
consuming e x e r c i s e s  c a n  be a v o i d e d .  Such a r a p i d  p r o t o t y p i n g  f l i g h t  research 
f a c i l i t y  is b e i n g  developed a t  t h e  Dryden F l i g h t  R e s e a r c h  F a c i l i t y  of NASA Ames 
R e s e a r c h  C e n t e r  (Ames-Dryden) as part of  the automated  wingman program j o i n t l y  
s p o n s o r e d  by NASA and t h e  Defense  Advanced Research  P r o j e c t s  Agency. T h i s  f l i g h t  
r e s e a r c h  f a c i l i t y  is a n  e x t e n s i o n  of  the r e m o t e l y  augmented v e h i c l e  (RAV) c o n c e p t  
used  a t  Ames-Dryden fo r  t e s t i n g  c o n t r o l  l a w  c o n c e p t s ,  implement ing  pr imary  con- 
t r o l  o f  r e m o t e l y  p i l o t e d  r e s e a r c h  vehicles ( R P R V S ) ,  and computing c o c k p i t  d i s p l a y  
i n f o r m a t i o n .  The RAV c o n c e p t  h a s  been used w i t h  a v a r i e t y  of  a i r c ra f t  s u c h  as t h e  
three-eighths scale F-15, the F-8 d i g i t a l - f l y - b y - w i r e ,  and  the h i g h l y  maneuverable 
a i rc raf t  technology v e h i c l e s .  
T h i s  rapid p r o t o t y p i n g  f l i g h t  r e s e a r c h  f a c i l i t y  f e a t u r e s  a h i g h l y - i n s t r u m e n t e d  
F-18 aircraf t  c a p a b l e  of b e i n g  c o n t r o l l e d  from a ground f a c i l i t y  w i t h  b o t h  conven- 
t i o n a l  minicomputers  and  symbol ic  processors. A hardware- in- the- loop  s i m u l a t i o n  
suppor ts  the f l i g h t  r e s e a r c h  f a c i l i t y  f o r  development ,  v e r i f i c a t i o n ,  and v a l i d a t i o n  
of s y s t e m  concepts .  Although it is b e i n g  developed s p e c i f i c a l l y  f o r  the  automated 
wingman program, t h e  objective of this f a c i l i t y  is t o  p r o v i d e  t h e  f l e x i b i l i t y  nec- 
e s s a r y  t o  s u p p o r t  f u t u r e  f l i g h t  r e s e a r c h  programs. 
Iv’atioriai Aeronautics arid Space k d m i n i s t i a t i m  
A m e s  R e s e a r c h  C e n t e r  
D r y d e n  F l i g h t  Research F a c i l i t y  
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Figure  9. Ground f a c i l i t y  concept  for automated 
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Figure 10. Simulat ion f a c i l i t y  concept  for automated 
wingman remotely augmented vehicle s y s t e m .  
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